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(54) OPERATIONAL AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To speedily provide an 
output rise signal or a output fall signal without 
increasing consumption current. 

SOLUTION: An operational amplifier is provided with an 
N-type fieldeffect transistor M15 and a P-type field- 
effect transistor M16, which are individually connected 
to constant current sources 11 and 12 in parallel. The 
outputs of an input stage, which are inputted to the 
gates of the N-type field effect transistor M13 and the 
P-type field-effect transistor M14, in an output stage 
and bias current supplied to a differential transistor pair 
constituted of P-type field-effect transistors M5 and M6 
and a differential transistor pair constituted of N-type 
field-effect transistors M1 and M2 in accordance with 
the level shift signal are individually controlled in parallel. 
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1 

»««£ 2 o^ff^-A**^ **i«lflr*A;» 

otoa* h y «r*LSfHBA*JB:oUJ**:AA L 

r co{f -§-^r l/^/U^7 h Lit Mf #£r£j*L 

*S££*#«£ + a«£*iB«. 

*«SnmES6ili h v 20 

h 9 v v> * * a> & ^rix h <D&mmm,m \^mt& 2 o 
<?>w#A*»-T-^b-tn*nfi-§-A* LuiwiB-rsa? 

nfltEA*S^fcb**^ttfl5Ei^'</u^7 hft# 

5, 1 E*<z>«£f*B«. 

w«ffi#ffiE*«««^o«fi: £ HWT-fc 5 £ # T^tt 
ftSixS, »*JBl*/£:W:2E«^aE*±iB«. 

tmmu\<"</^>7 hft#*«ij»«tt^A*-rs v 

A*LWE^«i««*fcttiWEi8ffi«it«tM?iJ«c«a 
ffiA-f ssiffis »*jsi , 2, 3£ 

[»*«6 ] mEffl***3J:t^«lEafc?iJ«l»#|fi:^*3 
^T, mEA*«om*ifcWtfliJEL^<^^7 MS**: 

*1^5B«*>*J»*iB*. 



(2) 1 - 8 8 0 7 6 

£jft,fcElKj&»fejS«, »**1 — 6E«©«J(«B». 
[0 0 0 1 ] 

Stt*»»] *»?^rif»*±BB*^HL, 

[0 0 0 2 ] 

70 8 - 2 0 4 4 7 O^atiffl^LT^So H 8 tt, 
w<Dtt*<o«J|CitB*0«^Jt^t'llKH , r*>5 tt 

[o o o 3] @8*#sa-rs^, ro#*o^±ii|iiSf 

[0 0 0 4] AMii, *a*#afc*«£ii,, 
hd^ix^nff-i-A^c^i, 2tc*ttsn*»h7^ 

l£, NSS#a*h7^^Ml, M2(D*ii«jgg 

^ $ tifc y - * j: vittffi«««iH-T- 4orii^^nfc 
#« h 7 y^^M i ^ F>^f y cgg^n, y— ^ 

^M4^ft y-*##afc*i«£jh,, y 

^ $ ftfc y - * ft J: 5 <Df$ \z&Wt £ ix 

fcS2^i« i 2 t , h*5J;u* Fi/^f^pl 
t»Ih7y^^M5^F>^y^gi^, y — 

^v^^MeoKi/^y^Si^ti, y— *a*<fttirfei 

«JR«f4IC»«SiifcNl*ff»* h =7 y^^M8 
NSI« h 7 V^^M 7 ^ l/y R 7-i 
40 m$*l. y^pig|f^ h7^^M3© F 

^> K u-Y y^PlS;^*: V y >Vx#M4<D K U'-f 
v{c»tt$jxfcNS«*»a h y v^^mi o £ &<ffi 

[ooo5)tiiMii y-^Srfl5teffiym®is^5^« 

ttb, ^hSrPll#Mh7^^M4, Nil 
»h7y^^M2, NSt#Mh7^^M 

50 ^Ml lftitfPia#a*f7^^Ml 3 . N 



3 

o im«c*i(tsnfc» 3 <os«it« i 3 y-*srssffi 
tt^ttfc, PlS#Mh7y^^Mi2^ y-* 

*{£ffiU0«Kffi^4fc*j«U y-^Plt^Mh 

ftfc, NlfijfMh7^^M14i:S:ffit PI 

^#M140KKy«:, Hl*fr*»^3fc«ttLT 

[ 0 0 0 6 ] - ^*^^±i*I^Oli^(CO^ 

[0 0 0 7 ] ^O^^co^^tl^f^:, NSt#aS h 

IHM*h7>^^M5, M6A^ftS*» h7> 
frafc^JfclMSLfcJSA* ^^AM« 
x., PiS#M h 7 y^^M 2 o K U'-f yiSiPofl 

flESrRfk**, I^PStc Plt#Mh7y^^Ml 
1, PSt#»*h7y^#Ml 2S:^Lt^i/ 

^tibfflMh7y^^M13, 

[0 0 0 8 ] «itf, »#A*«^2fc#LTfS*A* 

*>A*«0>tti*#{S< 4t>, ffiM^)PltWh7 

^^Ml 1, Ml 3<7>y- hlEtt, ffi< n 

cop#, PlS#Mh7^^Mi 3«riit)tb**^ 
^l:/PSi»*F7>^^Mi 1<DH> 

^^^13 (nj^n.m.M i 3io*a^tflr, gp%, p 
^ 7 y i 2 <^y- hSffiii, S5<fr 

So Pl«ff»*h7y^?Ml 2©KW 

y^f 4 (O^SM 1-4 ^(Oftt^^tt, gp^U-C/U 

XfMl 4 ^ii^m*C^3^^^i{Iijm^^- : ?-4IC^ 

[0009] ::t% PlOTlh7>^^^Mi3 
[0 0 10] ifc, ft #A**^2j£#LTft*A;Wffi 



(3) 1 - 8 8 0 7 6 

^SlSt^lMS h 7^^M20 F>^y^b<J0 
A*««)tB***<ftO, WM^PltfMh^v 
^^Ml 1, MX 3 <7>y- hflffitt, j*< rco 
PllW h7 V^^Ml 3 m*«-^3 

& 0 mmz^ pa«ffa*h7>^^Mn©KK 

><b^3(7>^m«^ I 3<b^^Offt, fip*>, PI 
^#$JIH h 7^^M1 20^- hm/£l3\ j£< & 

i/ 7 hft^t?*5Pa«ffar*h7>^^Ml 4 0^ 

* # m i 4 ^rii t» 3 a> & fitt(n«flR«nF 4 \zm 

[ooii] ::t\ NitffMh7^^Mi4 
titft8t»B*#<, Pli#MF7V^^Ml 

s^wnswwttjgsfstiri^stfctt-cfcs^b, ft* 
^ [0012] r^*cos»±i(fifi{c:^^r, ff-^-tt}^ 

*F3 0>«fctt, StiffltlW5^^Pli« 

h7V^^Mi 30 Ku->r v*5j:r/y— ^ra^SEE^ 
[0013] 4fc, ¥iWl;PStffaih7y^ 

*^M13, Nll#Mh7V^^Ml4«W 

r-r Ky v^«*Ht % pis#a*h7^^Mii 
Jtf tPl^#M h7V^^Mi 3 ^cof-^xtk^j:^ 

JS 3 <Dfe9.ffiM I 3 C^tiS^: I (u A) t U Pit 
#MF7y^^Ml 1, Ml 3£>-W XfcfcS: l : 2 
ttSi, tOB^OPlIMS h7^^Ml 3*5 

2 i ( M A)i«5 6 

[0 0 14] J^±coj:5(c, 8 8^+08^(4, i£A 

[0015] 

{4, SlilK«^t-oOA'7^-^T^^ 
5tdV 0 /d t Ii /CC*$tl, 

ft h7y^^^^i:^iffl(a 9Mt5/^7^s; 

50 £i£&®5<fzfr<DmmimmLVhy , »*l<«, -h 



5 

[0016] Jb5fcj&>fc t>Sf^J: 8i»*t*IS<7>;*/u 

I 10«fcjg2 2 <7}fil; < LT^>£ 

L*>U ^coit^te, «JI«lfl«4*i:L 

[oonlftot, *»W*>B«I4, JEfcti^i^^v 5 

[0 0 18] 

oco by^i/xffrbf&V *rtib<n&ftmmm\z. 2 
h 7 > £riT LSfJlB 2 o<7>ffl;fc*S<z>--*-a> b ft£) 

* LMIBA^S^ffi^^A* L C co ft #ft U"< 

Mf^££j*LittJfSA;^Ofcb 

* offlfflSflitc A* Lfl5IBfS#a^«|^{cy y is* 

[0019] MJBAASW*, iffll25£«»as[£a!« 

2oomiSS 7-[s]]i&£, :ixb2o« 

2ocofs-§-A^« j ?-^ i b^ti j eixm#A^ L^sjti*i-r 
sawaas ^ 7 srtt, ^is^ua^ 

7y^^^i:Mt5«-/<^f r^«JtSrfi8ij(c*yij«iJ 
[0020] i»IEafc?ijfW»^a*s, flfrlE«#ta* 

[0021] sfc, wiaafc?ijwi»^«ds, afjis^sses; 



(4) 1 - 8 8 0 7 6 

e 

[0022] wiBafcw*j«i#«35«, mmAt}&<D 

[ 0 0 2 3 ] 4fc, miEffl*«as J:tfBttE3tJiJ«|«*« 
JO -&S:»J»«*{cA*i-« h7y^^^Sffa*h 

[0 0 2 4 ] £b(C, «HBA*«*3J:V«(HBU***« 
[ 0 0 2 5 ] 

[ 0 0 2 6 ] BlS:#St5i, #S£tt*ttW8fc>S« 

h7>^^Ml 5 & J:^P^m#^J^: h7> 

S#Mh7V^^M15, Ml B^ctVSftClK 

[ 0 0 2 7 ] AM(ONH#Mh7V^^Ml 5 
i4, f l £My"Jfc*ttSix, h ^rttj 

U ffiAS(7)Nlt#M h 7 ^ v>^^M 1 4<DV— h 

7^^M1, M2 J&»fe&S|6tt h 5 **frfc:{ft 

[0 0 2 8 ] AMoPlIf^h^V^^Ml 6 

14, m2co^m«^i 2 t^uicssss^n, ^-h^ai 

^ ffiM^PlSffMh7V^^Ml 3^y-h 

\^Aft£tlZ>At!$k<D\S£i\z.£. *) > PltfM h7V 

5 ^ r ^ ««Sr3fc?iJ«lJ»i" 5 o 

[ 0 0 2 9 ] gfC 1 14, ^»tltISOiSMIS4#ttC0^ 

^SM«^S:C1I4. A^S^m^^^U^tb^ff^-^3 
OP*(C L< 14, PSMMh7V^#M13 
coy- h*5J:^Ku-^^W^*tt$n5. 
[0 0 3 0 ] 0c(c, *||J6^1i(c«t>S8t»it*I«o» 
5(7 fflco^TRRt-Bo 



(S) 



m¥>l 1 - 8 8 0 7 6 



[0031] *&&i&mi&\z.mt> ms<D 
mi, M2^b^5SS y^^^MiPliffM 

USSI^T, ft #A^^-7- 1 , 2\Ztti?tiWM£thZ>m 
#®ffico»|<frfc:]SCX\ A^SOffiAfccfctf^Ol^/i, 
v"? hff-g-lcjit), S#Mh7 v^^Ml 3, 14 

«h7V^^Ml 3, 1 4 0^y- htEfftCl^ 

[0032] -(Drntf^mmt, ms<r>^<n»^m 
^mi 4 ^r^ix^r^ k y PSt«h 

mm 1 3 {c^-r^tc x ^^5 0 

[0 0 3 3 ] *Il^iT*lt fl*A*« : f2 

Pf^M*h7^^Mll, M130y-hiff 
aM&< 45^^ AM^)PlS#Mh7^ 

JT-Sfclfe h y v^^M l 6 ftm$c£^-fc i: {Cft 

frnmtiv%*<t£z>~t*m^'t%<> tor, ^dv 

0 / d t I /COfS I < ^Sri:r^5^ 

11, Ml 3, Ml 6 coy— hmjEI^TnO^^icM^fc 
#>(^ JH*«J6tt^C# < ftkft^o 
[0 0 3 4 ] {f^A^^ic^LTff-^A^ 

*M1 4coy- h«JE^f«< ft -5 A^&ON 

h7V^^Ml 5(7>y- h mi± i« < ft 
Oo ^(o: t ttNSSffM h 7 y 1 5 W# 

#mMB*iti* 3 *>T*#IHtf W < ftS r £ £^9* 

t6 D tot, ^dVo/dt Ii /COSE ft I i & 
*#<ft*r£-C*>55&><b, -0#ftic;^ft^-u~ 

aff^fth^y^^MH, Ml 5(^y-hSE^7C 
o#ttfc:JK*fc«>fc. <ftbfti\ 

[0 0 3 5] EXJiR-WUfc^ *^J6»*0**ta 



[ 0 0 3 6 ] H2I4, *»«o«*ltffl«o|Sft»1»2 
[0 0 3 7 ] H2«r*BR-rS4:, 

w i irffljs+s^tt, a*a»c*5^r, s»ih7yv? 

^ic*>5 0 HP^, I4^I«I 4 14, t»i*ffll 
SffMh7y^^Mi20KKyi:B 
fe{I0S^-5 £ORBfc#A£*t£< ro£ 5ftlsl&«jaa> 
bftS***»ttot»J|iB««Wc, rimws^ brco 
**»ft»^*^r**»«i n** 

[0 0 3 8] 1311 **Wo*»«Mi«o55J6^1B3 

[0039] b 3 s:#B8-rs t , *nM&m&mmftm 
i £ts*-t£,£i4, tu*«^*5^r, Ky^y^j;^ 
— hW^pSi;^!: h7y^^Mi i©p^y 

fcpis#ai h7V^^Mi zittJoLfc^-cfc 

30 So ^OBK«dt*eflk|ittHj|fc LT©«SBS*»K 

[0 0 4 0] H4i4, *^PJO?H*iiiB«0|^Jfe^ffi4 

0«JHi«««ca3(t5Jf 3 0««it» I 3£, II 4 ON 
If#»l h7y^^Ml 2IC§^^x.fc*i*(CtS^ 

^ ^oNlWMh^y^^Mi 2tt, y— * 

*:ffiffi««fj[*l^ 4 fc*«fc L h J: K u p 

ilff»fth7y^^MiiwKKyi:Sfl!U * 
S<?)NlS^f h 7 yy^^M 1 3 t&\^£i uyh; 

7— -ihi»s:*jbk+s 0 ttL<D®&mm$. m2<ommm& 

[ 0 0 4 1 ] *HSK^Sloif|»«*iSo»^{co 

14. pfi#M ^7 y^^Mi 4oy— ht^A*^ 
n> ff-^A^^^-i, 2^ j tn-eixBi*D$n5fs-s-«jE 



3 

b 7 >V^^M 1. 1 3o£X?Jj 1-1/ b ^ 7— Wtin<D 
/^y?b£tl s U^<;Ui/7 bit^t IT, Nlt»» 

[ 0 0 4 2 ] *^j£?gffir-tt, ¥WM0#ICPM 

7^^^M11, MHOtYXlt, NltMS h 
7>^^M1 2, 1 3(7)^-rXth, &J;U^ H3CD5£ 

[0 0 4 3 ] **JK^ffi<o«j([*9*s*Jc*5VNrfc, ?H* 

[0044] gsii *mw<nifc&mm&<7>nMKm5 
i, 2<Dm^*^^mmm&-rz>Ajj&t. h^at* 

[0045] *mMmm<Dmnmm&<DAjjm$, y- 
x&&m\zmmzti, v-bt^^^m^x^m^ 

iifc pf h 7 3 t , y — ^^j^fe{|fj 

^ PSS#M 7 > ^ ;?M 4 «b Sri t , Jg 

Nil#?jil F7^^M8oy- H::®jggU £ti* 

h \"<}W7 bit t) , NSt#MF7^^ 
Mi, M2*^45^Bh7>^^»i:Mt5^ 

ft^Pl«ff»* h 7 y^^M 5 18 itfM 7 h 

l:»«SnfcPI«ffaSh7>^#Mi oi, y- 
* *i£ffc(H«RiB^ 4 KSftfc L , V- b^X-XI K v -f ^ 



(e > ^BB^Pl 1 -8 8 0 7 6 
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£PMm##j|g: h7>^^Ml 0(7> ^tegHKL 

Ku^y^Nis»h7y^^Mi, M2 
<^^w^^ixt-y-^\cmm^titzNmm^^b7 

[0 0 4 6 ] *H*»ffifc«toS«jtitH»tf>» 
/0 [0 0 4 7 ] Nfg#M 
)St5AAS«x., Pll*»*h7>^#M2© 

h 7 >^ 7 O^r^- h CAA ^ il, f&# 

a**^i, 2^-^n^^D^ti5{f ^mffioftj^ic 

cnbSff^h7>^^M7, M80€-y—hSjE 

[0 0 4 8 ] roffl/7Ro»^tt, d8C0^^(Z)M^±i 

Mh7^^^Ml 3fcJ:t;Nll#Mh7>^ 
7^^^M1 1, Ml 3(7>f--f XJ£*5±U<ai3 0S£« 
[0 0 4 9 ] *iIHTfl ff^AA*^2 

Sih7y^^ii«S#a*h7^^M 

PlSffMh7V^^M5, M7(7>y— h«Ettffi 
<ftS£fflu*fc:, AM^PlI»*h7>^^M 

tt, NSS#M h 7 y^^M i i ic t)^s a 

^vv^mi 1 tux \s> b z 7-mmvh%<DX\ 

tl^o ^oT, 5td V 0 / d t I i /C^It I i fl* 
**<ft5ni:-C*>536»e>, -^(c^ft^/u-u-- 

[ 0 0 5 0 ] PHStlc, fl#AA«^2fc#LTflr*A* 

60A*^60fcti*^S5< ft <9 , ttJ^S(c*3l^T, -ecolx-< 
50 ju^7 hflT ^"^S< ft ^-Nll#a* h7>^?M 
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5Cd v 0 /d t I i /c«i i &5 - 

* So 

[ 0 0 5 1 ] Ei±R« b/c J: 5 *§IJfe^«6oflS»ii 
tt, **«ttl^«WiB*i*<Dta*«i:IBIU;T*>S3&«, 

[0053] sen, ^m<omnmm^<Dmmmm6 

[0 0 5 4 ] 16 £#HB LT, *HJ£^ffi^HJfe^ffi 1 

1 3, Ml 6 CD ft*??) {CPNPt//^ /tf— ? h7^^ 
*Q11, Q13, Q16*H\ N Jft h 7 > 
^^M14, Ml 5 <DftX> 9 CN PNSaV/^- 7 b 
7^^Q14, Q 1 5 £J8^fc«|#fcLfcjSfc:i> 

[0055] roi^r*. I#Mh7^^^^ 
fe/^#-7h7^#oi*t, mg*lB«£ ir 

[0 0 5 6 ] *5fe»^ffiOfc3(f*«B*«:, Igjfcjg 

ft 1 ©»*«B*<7>A**oM?*J*J»#llt*3 J; 

a»^iCA*t5 h 7 isisxf <Dfy*/<4 tK— -7 h 7 

^«^JMt»B*w3EJg«i: tr, ±»0>tt<z>#3MSfl? 
tt 2 — 5 o*J(iiB«OA*Roilfc?iJ*J»^|fc*5 ct Tim 

f^^lii:li:AAt^ h7y^^^A^f-7 
h7^^T-«l, *%tt^ttottWtBB«£P« 



(7) 4#M¥l 1 -8 8 0 7 6 
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[0057] B7ii, *ftw<otk&m&m<o%MMmi 
[0058] h 7 *mm-tz> t , ^nmmmtmmm 

Nli#Mh7y^^Ml7, Pl«#^h7> 
H ^^M1 8^i63JDStL, Nlt#MF7y^^M 

1 7 , m i 5 oi£7ij«jR{aiB^« i <D^m,mm I 1 (Ct 

PSi#Mh7y^^M18, Ml 6 
<OiffJiJ*ttig»3ftSSK2 o*«»JSE I 2{c3feJiJ«jffi^4xr 

[0 0 5 9 ] NII#?J)I h7>^^M17, Ml 5 

©ac?ij*«iH]»B:, ft ^ffi**^- 3 <o«ffid«ffiffittimaR 

[0 0 6 0] Pli#a*h7>^^M18, M16 

■70 [0 0 6 1 ] *^Jfe.^«6(Dfli»iiB4ltt, ft #a*«B^ 

9#%ft h 7^^^»«r^LrAA«H«tixSJtia« 

[0 0 6 2] * fc, *^SS^JBC0«»4i««li, ^Jfcjg 
ttl W*»»S*{w*5«tS«»a* h7Vy^^Ml 
5, MH^^SMWJ^M, fM-tii;&*HP3 
4 * fc 14 5 Oft £ mmx-jb £ t^^F 
Sttft+**MW«»#«fc«**^fc«»iiB*-C4> 

±»*>ffto*3glfcjgft 2-6 t^gttBSo^^JSJ®] 

[0 0 6 3 ] fc*5, ±ifc*>#3B6jgtt 1 - 7 <7>iH£tiB 

5<? r-^^o 
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[0 0 6 4 ] ±a<D«-|5Jt»J8 1 - 7 

[0 0 6 5 ] 

[0 0 6 6 ] *fc, 3e«««toafc?iJftiJ»tcJ:9, ¥1! 
[HSoMiMeRS] 

[Hi] **Wo***B««^*JS^* l «r»"TEI»H 
[H2] **Kot»*ia««o|gft^1B2«r^i-IHiKH 
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[13] *«Wo**ii«So|gJS^ffi3S:^-t-IBJBH 
[84] **W<D*J|«i|I«(D**»«84t«rimKH 
[0 5] *«Wo**it«*^^J6?!?1ft5*^-riaIKH 
[0 6] *«Wo«»tii|ig«^||J£^6S:^-ri51KE| 
/0 [17] *«Wo*3¥ig«»<D5SlK»«7Sr^-riHlKH 
[0 8] (**o*»*««(75«^JS:^i-|HjaH-ci, 

l, 2 ff^-A^I^^ 

4, 5 mais^- 

11-14 5£S«£i!R 
M 1 ~M 1 8 m#$i* h7^^^ 
itf Q11-Q16 /^^7h7V^^ 
C 1 tt*Btt«$* 



